Polyvinyl chloride, commonly abbreviated PVC is a rather hard and rigid material. In order to extend its use it requires additives during the manufacturing process which are referred to as plasticizers, among them the Dioctyl Phthalate (DOP). This latter has a tendency to escape from the PVC matrix specially when in contact with liquids. In order to analyse this phenomenon we use the classical equations of mass diffusion (Fick's second law). However this method leads to results which are not always in good agreement with experimental ones, especially when the concentration of plasticisers is high. This situation requires the elaboration of an enhanced mathematical model that can deal with this particular type of forced diffusion characterized by the contact with a liquid and particular boundary conditions. The validation of the proposed model was obtained by comparing the theoretical results obtained with the model and those obtained by experiments.
Introduction
Polyvinyl chloride, commonly abbreviated PVC, is a thermoplastic polymer with a linear structure. It is a rather hard and rigid material and this limits its applications. In order to extend its use it requires additives during the manufacturing process which are referred to as plasticizers. We then refer to it as plasticized PVC or flexible PVC. Hence plasticizers make plastics flexible and durable which broadens their use.
Because of its properties and low cost, Dioctyl Phthalate (DOP), is by far the most commonly used plasticizer in flexible PVC applications (Papakonstantinou and Papaspyrides,1994; Persico et al ,2009; Lorz et al,2002 and Wilson ,1995) . Depending on the final use of the polymer, the plasticiser content in PVC varies from 15 % to 60 %. Since they are not chemically bonded with the polymer matrix and because of their low molecular weights, DOP have a high tendency to escape from the polymer (Stark et al,2004; Marcilla et al, 2008) .This plasticizer migration process can be defined as a desorption and may occur in different ways (Yan et al,2008) . When PVC is in contact with a liquid a double mass transfer may take place ; liquid into PVC and DOP out of PVC. Messadi and vergnaud ,1982 and Frisch ,1961) .
This migration should obey to the laws of mass transfer and has been the subject of extensive investigations and various models have been proposed for its determination, among them a Mathematical Simulation of DOP transfer using plasticized disks dipped into olive oil by Massadi and Djilani,1998 and a Theoretical and experimental study of DOP transfer from plasticized PVC disks dipped into an edible oil by Djilani et al,1998 . However a rigorous theory is yet to be developed for the prediction of mass diffusivity from PVC into liquids. The existing approximate theories lack agreement with experiments. From experimental migration data of a specific case , the diffusion coefficient can be obtained by linear regression However this correlation holds only for large concentration difference of the migrant in the polymer and the solvent (Rasmus Lundsgaard thesis :Lundsgaard,2010). For the estimation of diffusion coefficients in polymersolvent systems , models based on the free volume theory have been developed and the most popular is that of Vrentas and Vrentas (1994) . It gives rather accurate estimations of the diffusion coefficient but it depends on as much as 16 parameters. The object of this study is to develop a new mathematical model of DOP diffusion from PVC to liquids. For all practical reasons the model will be applied to the diffusion into methanol : Miloudi and Doosson (1986) .So we could compare the results with those obtained experimentally by Messadi and Vernaud (1981) and J.L. Taverdet et al(1981) .
Method and Results
We will first start by reporting the experimental method used by Messadi (1981) which is based upon Onsager symmetry postulate. The method consists in measuring the plasticizer concentration inside the solid PVC itself, at different times and for different depths in that solid.
The experiments were obtained by cutting from a PVC plate treated with DOP ,cylinders of 18 mm diameter, 3.4 mm thickness and an average weight of 1.06 gr.
The disks were divided in groups of 20 . Each group immersed into a 200 ml of methanol (solvent) inside a glass reactor of
Le solvent is then vigorously agitated and maintained at constant temperature. Samples were taken out at different times and analyzed. Each disk being cut into 17 equal slices of 0.2 mm and analyzed.
The obtained results are presented in Table 1-a and Table 1 -b and will constitute our reference. The purpose of this work being the elaboration of a mathematical model that describes this migration; it is quite natural that it should be derived from the general form of Fick's second law of diffusion since we are dealing with a transient regime. 
D(C) being the diffusion coefficient and C(x,t) the concentration of DOP.
The resolution of this equation is not easy mainly because of the boundary conditions which are not well defined and the fact that D(C) is not constant.
We must therefore look for a different approach that takes into account the physical aspect of this diffusion which is a desorption phenomena and thus may be considered as a forced diffusion.
This consideration led us to look for a model whose results are in agreement with the experimental ones and which should be a compromise between the general law of diffusion and this particular case ; in other terms we propose to verify if there exist a constant D such that: Due to the geometry of the samples we will use cylindrical coordinates in our analysis thus r represents the radius of the disc; z abscissa measured through the thickness (equal to 2L) , t the time. The angle is eliminated due to the geometrical symmetry.
In accordance with the experimental results
will designate the normalized concentration at a given time t which is given by :
Therefore in the model that we seek we will use:
• D: real positive constant referred to as the apparent diffusion coefficient.
•
Our problem is then expressed in the following mathematical form: 
The validity of this mathematical model is controlled with the use of the mean concentrations of methanol in each PVC slice which is obtained from the experiments. (Each disc having been cut in Mostefa Miloudi, Abdelmadjid Ait Yala, and Mokhtar Mokhtari / American Journal of Materials Science and Technology (2014) Vol. 3 No. 1 pp. 22-32 26 We could compare it with our theoretical mean obtained with the model :
Where k is the number of the slice ,
Th= 0.20 mm is the thickness of each slice
Z abscissa of the middle of the kth slice.
Because of the symmetry we will consider only the slices numbered from 0 to 8. We can now proceed with the mathematical resolution of our problem. We will start with equation (4) ; it is quite evident that the function Dt e  is a particular solution of (4) therefore we can state that if ) , ( t r h is a solution of
is a solution of (4) .
According to this statement and posingn
This is a classical differential equation which is solved by the method of separation of variables and its solution is: 
Resolution of (5).
We start by posing As we can see that these equations are quite similar to the the one treated above , therefore we have:
Resolution of (6).
is an even function with respect to z and that it is bounded over
, the problem reduces to : 
The use of saparation of variables will lead us to a traditional Heigen values problem and a classical treatment will give :
Where n  are the even coefficients of the Fourier development . 
which satisties the relation :
As it can be seen the difficulties related to the boundary conditions have been removed and we are able to solve the equation by the same procedure of separation of variables. That is :
The standard methematical treatment will lead us to : 
we also have
We finally obtain the elementary solution :
And the Fourier-Bessel development :
The coefficients np  are obtained as follow ; we pose
This shows that the coefficients ) (r A n are those of even development of Fourier and we can write :
from which we deduct using earlier results : Remembering that This will be done by using the experimental results which constitute our reference. In deed as stated earlier, the experiments consisted in measuring the average concentration of slices for given values of t (time) .
So the last step will consist in calculating ) (t M k using equation (7) . The proper mathematical treatment will allow us to obtain :
This relation is used to compare our results with those obtained by Messadi and Vernaud (1981) .
The results are given in Table 1-a and Table 1 ,b .Furthermore Fig.1-a and Fig.1-b. show clearly that they are in good agreements, which validates our model. Science and Technology (2014) Vol. 3 No. 1 pp. 22-32 32 
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Conclusion
Our goal was the search for a mathematical model that depicts the migration of a plasticizer (DOP) from a PVC into a liquid (methanol). The reason for that is due to the fact that the classical use of Fick's second law does not give satisfactory results. Our approach was based on the observation that this type of diffusion was somehow forced by an external phenomena (the presence of liquid). This consideration resulted mathematically in the introduction of an additional term in the diffusion equation that is the function ) , ( t r  . With the proper mathematical treatment we were able to determine this function and overcome the difficulties linked to the boundary conditions. The mathematical expression of this model was determined . The validation of this model was performed trough the comparison with experimental results obtained by Messadi. The closeness of the results is well stablished from figure 1-a and figure 1-b. 
